Objective: To examine variation in pressure injury (PI) incidence among long-term aged care facilities and identify resident-and facility-level factors that explain this variation. Design: Longitudinal incidence study using routinely-collected electronic care management data. Setting: A large aged care service provider in New South Wales and the Australian Capital Territory, Australia. Participants: About 6556 people aged 65 years and older who were permanent residents in 60 long-term care facilities between December 2014 and November 2016. Main Outcome Measure: Risk-adjusted PI incidence rates over eight study quarters. Results: Incidence density over the study period was 1.33 pressure injuries per 1000 resident days (95% confidence interval (CI) = 1.29-1.37). Funnel plots were used to identify variation among facilities. On average, 14% of facilities had risk-adjusted PI rates that were higher than expected in each quarter (above 95% funnel plot control limits). Ten percent of facilities had persistently high rates in any three or more consecutive quarters (n = 6). The variation between facilities was only partly explained by resident characteristics in multilevel regression models. Residents were more likely to have higherpressure injury rates in facilities in regional areas compared with major city areas (adjusted incidence rate ratio = 1.25, 95% CI = 1.04-1.51), and facilities with persistently high rates were more likely to be located in areas with low socioeconomic status (P = 0.038). Conclusions: There is considerable variation among facilities in PI incidence. This study demonstrates the potential of routinely-collected care management data to monitor PI incidence and to identify facilities that may benefit from targeted intervention.
Introduction
A pressure injury (PI)-also known as bedsore, pressure ulcer or decubitus ulcer-is a localised injury to the skin and/or underlying tissue resulting from sustained pressure, shear or a combination of these factors [1] . PIs are a major burden for individuals, their caregivers and the healthcare system [2] . In addition to the multi-billion dollar direct costs associated with treating PIs each year [2] , PIs have significant social costs in terms of reduced quality of life, pain, and increased mortality [3] [4] [5] .
PIs remain a problem in both acute and long-term care settings. Recent estimates of the proportion of people in long-term aged care who have a PI at a given point in time (prevalence) range between 1% and 46% [6] . In Australia, the prevalence of PIs in long-term care has been reported between 9% and 31% [7] [8] [9] . Because there is widespread consensus that the majority of PIs are avoidable [10] , approaches to reduce the impact of PIs place a strong focus on prevention. For the individual, pressure-reducing support surfaces appear to be the most effective prevention strategy [11] . At an organisational level, PI rates are frequently used as a performance indicator in an attempt to drive changes in the quality of care provided by facilities [12, 13] .
Clinical practice guidelines recommend targeting residents who are at high risk of developing a PI for prevention activities [14] . Across 54 studies, the most frequently cited factors associated with the development of PIs were reduced mobility or activity, variables related to perfusion (e.g. diabetes) and skin or PI status [15] . These factors are consistent with conceptual aetiological frameworks [16] , which highlight the underlying conditions that contribute to the critical determinants of PI development-that is, prolonged and intense pressure and poor tissue tolerance. For example, a person with reduced mobility will have a greater likelihood of being exposed to sustained pressure due to their diminished ability to change body position, and their tissue tolerance for this pressure may be reduced due to friction from dragging during a position change [16] . Other factors commonly associated with PI development are based on clinical observation, for example, previous PIs as a warning of potential further deterioration [15] . The pervasive nature of PIs and the large number of studies examining their development certainly indicates that there is a complex interplay of factors, which increase the risk of PI incidence. A number of risk assessment tools have been developed to supplement clinical judgement of an individual's risk [17] . Despite the focus on PIs as an indicator of care quality, there is much less research exploring how the risk of developing PIs varies between facilities. In a recent study, Hartmann et al. [18] described wide variation in PI prevalence rates among 132 nursing homes in the USA, although the authors did not examine influences at a facility level. A small number of studies have reported associations between facilitylevel factors and PI development [19] [20] [21] [22] , identifying factors that may preclude best practice PI prevention or quality improvement activities such as lack of clinical staff [20, 21] or resources [19] . However, these studies do not often account for clustering of residents within facilities. Traditional conceptual frameworks that are used for organising the knowledge base and identifying research gaps [16] also ignore the role of contributors to PI development that are extrinsic to the individual. More research is needed to quantify and understand the factors that are associated with variation in PI rates at the places where direct care is provided.
Currently, the majority of research studies and many quality indicator programs rely on surveys of PI prevalence [6, 13] . While prevalence provides valuable information about the ongoing burden of PIs, capturing all new cases that develop over a period of time within the care setting (incidence) provides a better indicator of quality of care [23] . Comparing outcomes between facilities can also be difficult due to differences in resident acuity and facility size. Without adjusting for residents with known PI risk factors, facility performance will not be accurately ascertained [24] . Greater variability in PI rates is also more likely to arise by chance in facilities with small numbers of residents, and so the precision of the estimates should be taken into account [24, 25] .
The aged care sector has lagged behind other parts of the health sector in adopting electronic records systems [26] . Where these systems are used as part of routine practice, more accurate and timely measurement of PI rates may be possible without the burden of periodic form-based surveys. The aim of this study was to use routinely-collected electronic care management data to examine variation in PI incidence among long-term aged care facilities and to identify resident-and facility-level factors that explain this variation.
Methods

Data source
This study utilised routinely-collected longitudinal data from 60 longterm aged care facilities managed by Uniting, a not-for-profit organisation and the single largest provider of aged care services in New South Wales (NSW) and the Australian Capital Territory (ACT), Australia. Long-term aged care is largely government-funded in Australia [27] .
Data were extracted from the clinical and care management platform used by Uniting, iCareHealth [28] . Information recorded in iCareHealth includes resident demographics, facility of residence, admission and discharge information, assessed care needs, medical diagnoses and wound-related data. Full adoption of mature and sophisticated electronic record systems across the sector were in early stages leading up to and across the study period.
Study population
The study population comprised people aged 65 years and older who were permanent residents in Uniting long-term aged care facilities between 1 December 2014 and 30 November 2016. Non-permanent residents excluded from the study included people receiving short-stay respite and transition care, as well those who did not have a completed Aged Care Funding Instrument (ACFI) to confirm their permanent status (see Appendix A). ACFI is used to assess the relative care needs of all permanent residents and is the mechanism for allocating government subsidies to aged care facilities for delivering care [29] . Facilities with more than two gaps of 7 days or more in recording any wound care information were also excluded (n = 16).
Pressure injury incidence
Information about each recorded PI included date of occurrence, anatomical location, qualification of person reporting the PI and dated entries describing the care management or status of the wound over time. Date of occurrence is the date the PI was first observed by a care provider. Stage of PI was not available. PIs reported within 72 h of a resident's admission into the facility were excluded from all analyses.
The incidence rate of PIs for every facility was calculated for each 3-month period (quarter) between 1 December 2014 and 30 November 2016. The primary measure of incidence used was incidence density, which is the number of new PIs per 1000 days of care. Incidence density is the recommended measure of PI incidence [14] , as using the denominator of days of care allows easier comparison across different populations.
Facility incidence density was adjusted for case-mix using negative binomial regression models. Rates were adjusted for age, sex, diabetes diagnosis, any new PI reported in a Uniting facility in the year prior to the start of the quarter, and need for physical assistance with mobility as defined by the ACFI. These clinical characteristics represent the most consistently reported predictors of PI development [15] . Each facility's expected incidence rate was obtained by summing their residents' predicted PI rates from the model, given their covariate values. The observed rate of PIs was divided by the expected rate and then multiplied by the mean study population incidence rate to obtain the risk-adjusted rate for each facility [30] .
Determining facility variation
Funnel plots and multilevel regression models were used to quantify facility variation in PI incidence density. Funnel plots are regularly used to identify outlying performers while accounting for the precision of the estimates [25] . In the funnel plots, risk-adjusted incidence rates for each facility were plotted against the number of permanent residents in the facility. For each quarter, 95% and 99.8% 'control limits' were calculated based on the mean study population incidence rate. Facilities with rates outside of these limits were considered outliers. Facilities with three or more consecutive quarters of rates outside the upper 95% limits were considered 'persistent outliers' [31] .
Multilevel regression models take into account the clustering of residents within facilities and allow the partitioning of variance between levels. The following three-level models (facility-resident-quarter) were fitted using incidence data from across the study period:
• A null model (facility and resident random effects but no explanatory variables); • A model with fixed resident effects (e.g. age) and facility/resident random effects; • A model with fixed resident and facility-level effects (e.g. number of residents) and facility/resident random effects.
Poisson models were fitted using a Markov chain Monte Carlo approach in MLwiN, and included an additional random effect to allow for overdispersion [32] . The variance partition coefficient (VPC) was calculated to compare the proportion of variability attributable to facilities after accounting for known resident and facility factors, using the exact formulae developed by Stryhn et al. [33] . Adjusted incidence rate ratios (IRRs) for resident and facility factors were obtained for the full model using a mixed-effects negative binomial model in Stata, and included a categorical random slope for study quarter. The median incidence rate ratio (MIRR) for the full model was also obtained to translate inter-facility variation into risk differences. The MIRR is the median of the rate ratios of pair-wise comparisons of incidence rates between any two facilities. Resident and facility variables used in the models are listed in Table 1 . Assessed care needs were derived from the ACFI, which consists of 12 questions rated on a four-point scale [29] . Because of collinearity between ACFI scores, each of the 12 questions was dichotomised based on the highest level of need (see Appendix B). ACFI funding was calculated using the basic daily subsidy rates based on each resident's raw ACFI scores [34] . Facility postcode was used to classify remoteness and socioeconomic status based on the Accessibility/Remoteness Index of Australia and the Index of Relative Socioeconomic Advantage and Disadvantage (IRSAD) [35] . People living in inner and outer regional areas have restrictions to accessibility of goods, services and opportunities for social interaction [35] . In the models, inner and outer regional facilities were combined as there was only one facility located in an outer regional area. Facilities in the lowest IRSAD quintile were compared with those in all other quintiles to determine whether more disadvantaged areas had higher PI incidence. Table 1 presents the characteristics of the 6556 older people who were permanent residents in 60 aged care facilities between 1 December 2014 and 30 November 2016. The majority of residents were female (n = 4484, 68.4%), aged 85 and over (n = 3750, 57.2%), and receiving 24-h nursing care (n = 4881, 74.5%). Of the 60 aged care facilities, 43 were located in a major city (71.7%) and the median number of beds was 64 (IQR = 44-96). Compared with the wider long-term aged care population of Australia [36] , the study population had a similar proportion of women (P = 0.70) and people born in Australia (P = 0.83), but a greater proportion living in major cities (74.4% vs. 69.5%, P < 0.001).
Results
Pressure injury incidence
There were 3984 recorded pressure injuries over the 24-month study period, excluding those identified within 72 h of admission. The majority of residents did not experience any PIs over the study period (n = 4785, 72.4%). Among those who did experience a PI, the median number of PIs was two (IQR = 1-3). The most common location for PIs was the gluteus maximus (35.2%), followed by sacrum/coccyx (13.5%), foot (12.8%), toe (11.8%), heel (8.6%), leg (3.9%) and ankle (3.6%). Registered Nurses reported the majority of PIs (70.6%), with Care Service Employees (19.0%) and Enroled/ Endorsed Enroled Nurses (9.6%) reporting nearly all remaining PIs. The incidence density over the study period was 1.33 pressure injuries/1000 resident days (95% CI = 1.29-1.37). The lowerextremity incidence density was 0.54/1000 resident days (95% CI = 0.51-0.57). Incidence density fluctuated over the study period quarters (see Table 2 ), and was highest in the third quarter. Quarterly PI incidence ranged between 7.4% and 9.0%.
Facility variation
Unadjusted and risk-adjusted PI rates by facility for the first quarter are presented in Fig. 1 using funnel plots. There were fewer facilities above the 95% control limits when using risk-adjusted PI rates (n = 8, 13.3%) compared with unadjusted PI rates (n = 11, 18.3%). On average, 14% of facilities had risk-adjusted rates above the upper 95% control limits in each quarter. Figure 2 demonstrates how the performance of individual facilities can be tracked over time using funnel plots. Six facilities had persistently high outlying rates in any three or more consecutive quarters (10%). If three consecutive quarters of high rates only occurred by random chance, then persistently high outliers would be expected in less than half a percent of facilities (average 14% outliers^3 quarters = 0.27%). It is therefore unlikely that persistently high outliers are being driven by chance alone. The PI incidence density for the six persistently high outlying facilities was nearly double that of other facilities (2.07 vs. 1.08/1000 resident days).
Facilities with persistently high outlying rates were more likely to be located in areas with socioeconomic status in the lowest IRSAD quintile (Fisher's exact P = 0.038). No other known facility characteristics were associated with persistently high outlying facilities.
Resident and facility-level predictors of PI incidence in the full multilevel model are summarised in Table 3 . Residents were more likely to have higher rates of PIs in facilities in regional areas (adjusted IRR = 1.25, 95% CI = 1.04-1.51). Adjusted incidence rates were higher in the middle of the study period (quarters 3, 4 and 5) compared with the first quarter.
Resident factors explained some of the inter-facility variation in PI incidence rates, as seen by the drop in the variance partition coefficient (VPC) from the null model (VPC = 0.75) to the model with resident factors (VPC = 0.35). Adding facility characteristics to the model partly explained the remaining inter-facility variation (VPC = 0.17). The median incidence rate ratio after accounting for known resident and facility factors was 1.55. The model with both resident and facility factors had a better fit (deviance information criterion [DIC]=17 361) than the model with resident factors only (DIC = 18 169) or the null model (DIC = 20 073).
Discussion
Routinely-collected electronic care management data were used in this study to examine variation in PI incidence among 60 long-term aged care facilities between December 2014 and November 2016. Both funnel plots and the results of multilevel models demonstrated that there was substantial variation between facilities in PI rates that was only partly explained by resident characteristics.
This study is one of very few to examine incidence density of PIs in long-term aged care. Despite an international consensus that incidence provides a clearer measure of quality of care than prevalence [37] , a recent systematic review identified only four peer-reviewed studies describing PI incidence in long-term care [6] . One of these studies reported the incidence density of lower-extremity PIs in Japan as 0.46 per 1000 resident days [38] , which is comparable to the lower-extremity rate for our study population of 0.54 per 1000 resident days. While incidence studies have traditionally been more time-consuming and expensive to conduct than prevalence studies, our study demonstrates the potential of using routinely-collected electronic care management data to benchmark and meaningfully track this care indicator over time. This could provide a less burdensome and more methodologically-sound alternative for quality indicator programs where periodic surveys of PI prevalence are still often used [12, 13] . Percentage of people developing a new PI over quarter. c Above (high) or below (low) 95% control limits on funnel plots.
The majority of the research literature has focused on individual risk factors for PI development. Consistent with these studies [15] , we found that older age, being male, having diabetes, previous PIs, incontinence, and poor mobility, were associated with higher PI rates. The reduction in the number of outlying facilities between the unadjusted and risk-adjusted funnel plots confirms the importance of accounting for commonly reported individual-level PI risk factors to ensure valid comparison of facility performance [24] . However, as in a recent longitudinal analysis of PI prevalence in nursing homes in the US [18] , there remained considerable variation between facilities even after adjusting for resident risk factors. We have advanced the work of this previous study by using multilevel models to partition the total variability in PI incidence between levels, finding that 35% of the inter-facility variation remained attributable to the facility level after accounting for known resident factors (VPC = 0.35). The high MIRR (1.55) in the final model confirmed these findings, suggesting that the facility in which a person resides is as important as a risk factor for PI incidence as many individual-level risk factors.
When an outcome is relatively rare and sample size small, high outcome rates are more likely to occur by chance. This study utilised funnel plots to identify outlying facilities while accounting for the increased variability in performance expected from small facilities [25] . We also measured persistence of high PI rates over time, as a way of distinguishing entrenched poor performance from random or intermittently high rates that later regress toward the mean [31] . Persistently high outlying facilities in our study had a PI incidence density almost twice that of other facilities. Targeting these facilities for intervention activities could therefore have the greatest impact in reducing the total number of PIs. Previous research has identified a number of common characteristics of facilities with higher rates of PIs, including having no nurses [20] , no medical director or director of nursing [21] , lower Medicaid reimbursement rates [19] , and higher proportion of black residents [22] . In our study, persistently high outlying facilities were more likely to be located in areas with low socioeconomic status, and residents were more likely to have higher rates of PIs in facilities in regional areas. While our study did not find higher rates of PIs for those born in a non-English speaking country or in facilities with a higher proportion of PIs reported by a registered nurse, socioeconomic disparities appear to be a consistent underlying factor across both our study and previous research. This suggests more clinical support and greater resources may be needed to ensure all facilities are able to undertake best practice PI prevention and quality improvement activities. This study has a number of limitations. The functionality of the software platform, together with its implementation and usage across all facilities and workforce within the study period, presented some challenges. PI stage was not available, and so it is unknown at what severity PIs were detected by facility staff. However, our quarterly PI incidence of between 7% and 9% is consistent with another small study of four Australian facilities, where 8% of residents experienced a PI over a 3-month period [39] . While the ACFI was able to provide information about a broad range of resident care needs, other resident-level factors that have been associated with PI development, such as skin moisture or albumin levels [15] , were not able to be accounted for. We were also not able to examine additional facility-level factors that may help to explain the remaining variation in PI rates, including the use of pressure-reducing support surfaces, direct nurse ratios and other quality improvement activities. The socioeconomic status variable was dichotomised to reduce the potential for classifying now gentrified areas as advantaged where the resident population may have lived in the area for a long period of time. However, this limits further exploration of the relationship between socioeconomic status and PI development. Although we excluded facilities with gaps in wound recording and were able to identify facilities with consistently high PI rates, some of the facility variation may also be explained by differences in PI recording, as will be the case wherever care providers are responsible for reporting. A strength of this study is the use of data from the largest provider of aged care in NSW/ACT, which contained a representative proportion of people born in non-English speaking countries and a sizable proportion of people living outside major city areas. However, given the generally low levels of digital maturity in Australian long-term aged care [40] and research suggesting facilities with higher levels of IT sophistication have better performance on quality measures [41] , further work needs to be undertaken to determine whether PI incidence is poorer in less digitally-mature facilities, and whether the facility-level factors identified in this study are reflected across other Australian providers. Finally, an emphasis on the occurrence of PIs, in this study and much of the literature, applies a narrow focus to measuring the impact of PIs. Incorporating additional indicators such as the effect of PIs on quality of life [42] , or the rate of PI healing [43] , may be useful to evaluate the quality of care provided after a PI has occurred.
Routinely-collected electronic care management data were able to be used in this study to track and compare PI incidence among facilities over time. Further exploration is needed to identify the elements that have made prevention efforts successful in facilities with low PI rates, and the reasons why facilities with certain characteristics are at risk of poor performance. The wide variation between facilities in PI rates certainly indicates that there is scope for targeted intervention to reduce the incidence of PIs in long-term care.
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